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Abstract

' The purpose of this paper is to estimate -the costs and cost-feasibility
of.utilizing computer-assisted instruction (CAT) for compensatory education.
Cost ‘data were collected from an experiment on the effectiveness of CAI that
had been established in Los Angeles and sponsored by the National Institute
of Education. Based upon the resource ingredients approach to measuring costs,
it was found that up to three daily ten minute sessions of drill and practice
could be provided for each-disadvantaged child within the present allocation
of funds from Title I of the Elementsry and Secondary Education Act of 1965. -
If the computer system weré shared between two schools, the higher costs '

would permit only two daily sessions.
. Costs were also estimated for a more advanced CAI system, and somewhat
This finding reflects the very

surprisingly the costs were in the same range.
heavy costs of "software" which du not seem to decline with more advanced
Also, it is possible that the latter technology will be found
‘However, since-comparative -~ —

technologies.

—— to be more effectiveat-the same cost level.

effectiveness data between the CAI approach and other instructional strate-

giles are not readily available,“such cost—effectiveness comparisons will
R

have to be deferred until some future date.
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'puters with respect to their instructlonal appllcatlons while reduclng
'their‘costs considerably. Also, CAI permits a large variety of methods

for individualizing instruction according to the actual Werformance i

—

AN EVALUATION OF THE COSTS CF COMPUTER-ASSISTED INSTRUCTION

INTRODUCTION

. _/ !
Various educational technologies—such-as educational radio, educa--
: / i D

e S
/

tional television, and computer;éssisted instruction have been proposedf

in recent'yeafs as partial solutions to both the'problems of rising
) . Pl . .

Vi

educational costs and the/failure of the educational;system.to impart

basic skills to disadvantaged youngsters. The logic of the cost—sav1ng

SN —’-'/""“" -

I
aspecls_of_educational—technoiogles is condltioned heavily upon the

assumption that the high labor costs of eutcatlon can be reduced by

'_
/-__.n-—-'

"

substituting relatlvely lower-costrcapltal lnputs ‘without sacrlficlng
/

educational results. The view that certain educational technologies can
: . / o . '
improve the quality of educational results for disadvantaged youngsters

is premlsed on the fact that =uch approaches .as computer-ass1sted instruc-
A=

tion can be individualized to take*accountvof the/partlcular strengths
and"dEchiencies of4the learner. g / o

These assumptions.about the comparative advantages of replacing some

onrtlon of traditional classroom 1nstructlon W1th a more cap1tal-1ntens1ve

echatlonal technology Would seem especlally pertlnent to the case of
computer-ass1sted 1nstruction (CAI) ' Recent'technolog;cal breakthrOughs in
computers and partlcularly the advent of m1n1—computers and 1nexpens1ve

memory dev1ceshaveboth expanded the capabxllty-and flex1b111ty of com-

s

m—-
[a B}

. . 3 .
of the learner. For:example, a computer-based curriculum can be design

Aiterh AT RTE N



‘to provide automatically additional problems for a student in any area
By ' i ' : _ '

in which he is not performing accdrding to some pre-set standard, or it

can be arranged_inlparticular sequences‘of instructional tasks that

1

emphasize his special instructional needs.

Despite the promise of educatlonal technology in 1mprov1ng educational
outcomes and reducing costs, there is little supporting eV1dence of a
rigorous.nature on‘either the relative costs or educational-results.l

_ _In response to this evaluative deficiency, the National Institute of

e
< A

' Education decided to’ undertake an experimental study of computer—assisted
‘instruction in ordcr to evaluate its effects on the 1mprovement of - |
Tuif:hfnijreadlng,vlanguage skills, and ‘arithmetic" operations—of—elementarywschool_ml“___E_J_
- children. The experiment was initiated in the Fall of 1976 on the basis
of a research design that was prepared by the Educational Testing Service_ R
.(ETS) and implemented in the Los Angeles Unified School Districf (LAUSD) ";/
Known as the ETS/LAUSD Study on Computer-Assisted Instruction and Com- /
pensatory‘EdUCation, the study was intended to ascertain both the effects
.of a'particular computer:based instructional system -and curriculum on /
| studéntmtestfscores in three subject areas as well as the costs for S ;
replicatinglthis particular system. -

With respect to educational effectiveness, ‘the esearch design-was\\\
constructed'in'order to ascertain the effects on test scores in reading, S
arithmetic; and language arts of the "drill and practice curriculum of: fﬁ‘
the Computgr Curriculum Corporation (CCC) among students at different | |

elementary grade levels. The evaluation was arranged to determine. the

-effects of 10 minpute daily sessions of CAI on student achievement.




Comparisons of test results for disadvantaged students are being made

'according.to the number of daily sessions of CAIL, the subjects in which
CAI sessions were given, and the number of yeare in which students
: r received“CAI. Hopefully, the studies of effectiveness will reveal the
educational impact of this particnlar CAI approach across.subject, grade
levels, amounts of exposure; and different types of students‘(race, sex,
ethnicity;.sociai.class origin; and so ,‘on).2
.Obviously?fthe'evaluetion of the effectiveness of this CAI‘approach
; j _

. [ - - ' -
does not address the issue of costs. Given its‘focus on the educational

needs of disadvantaged studen'ts, there are two questions-pertaining to

-—-~—LA~“_~costs~that»arise.‘“The first question is based upon the assumption that

funding for special educational serv1bes for disadvantﬁged students is

_ derived primarily from special categorical aid for that purpose, such
as that received under Title I of thL Elehentary'and‘Secondary_Education

Act of 1965. Therefore,_it is important to know if the CAI can be pro-

n

vided within the budget that is available for these compensatory educa-

-

tional services for disadvantaged youngsters. Second, it is important
to know if the CAI;approach can improve the educational proficiencies

of disadvantaged students at costs/that are simllar o~ less than those

associated with- other 1nstructional alternatives.
The first 1ssue is one of cost-feasibility If the costs of this.

CAI. approach exceed the funds avJLlable for 1nstructional purposes for

disadVantaged yodnésters,_it will not/be within the boundaries of f3351‘
“biiity. The'second issue isvone‘of éost-effectiveness.i-Even if.the

CAI can be provided within the prese%tlbudgets for.compensatory_educa-

tion, it should-bé adopted only| if #t provides better results relative
' N ' t . I v
]ERJK? to its costs than existing alternatives.

i
|




Cost-feaslbility can be examined by evaluatlng the costs of the CAI

instructlon and a3certa1n1ng whether it 1s within the budgetary allgfifipns”“—

P
—

provided for compensatory,education by Ticle I of the_ELemenfary Secondary
- Education Act of 1965 or by various state—and local compensatory programs.
Cost-effectiveness comparisons can only be made by comparing both the

results of the CAI approach and_its costs with the results and costs of

il
el

:dther instrnetional-alternatives. While this study can establish its
costs, it is not designed to-pursue its effects. However, the overall
CAI experiment on which this study\is based'will pro#ide rather sophis-

ticated estimates of test score results associated with student exposure

to different amounts of CAI and‘dlfferent subjects. Accordingly, the
costs that are estimated in this study can be combined with the experi-
_mental effects of the CAI for cost-effectiveness cemparisons with other

instructional approaéhes. s

—

In this\paper we will estimate the replication costs of the CAI
~ approach use% in the LAUSD/ETS experiment, that is the cost of replicating

" that system -n other_school settings. In doing thls we will limit those

costs ‘only /to ones that are assqgiatéd “with the delivery of the CAIL instruc— ‘
tion, wh/ e omitting costs’that are tied uniquely to the”experimental

status Of the present system. That is, we are concerned with the costs
of inéroducing'this particular CAI approach into other schools outside of
tie present experimental situation. At the same time, we-are eoncerned'

)

ﬁith modifications of the experimental CAI that might affect costs. lIn'

";///'~~A particular, there exists a later version of the present computer that
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is more advanced. The cost implications of the newer computer will be

examined after exploring the costs of replicating the present experi-

mental approach.
The organization of the paperzwill be as follows: First, a brief

' description will be given cf the present CAI system and its configuration
- in the LAUSD/ETS schools. Sécgnd, a short precentation will be made of

_the &bs;iﬁé'me;hbdology that will be used infthis study. Third, cost

L

f

estimatgs\forﬁyeplicating the present CAL sy%tem-will be made. Fourth,
eﬁ of CAI for compensatory

the cost feasibility of adopting this syst

|

education will be evaluated as well as the cost implications of a’
" |

more advanced system.

THE SYSTEM OF COMPUTER-ASSISTED INSTRUCTION

Thé'purédse of this section is to provide a brief summary of the
implementa%ion\of computer-assisted instruction in the ETS/LAUSD study.

This description is of special importance, because each CAi approach and
and effects.

installation is aéﬁociated with different resource costs
Ezéent is based upon the use of a particular computer

The ETS/LAUSD expe
‘system and curriculum \that have been utilized in a specific way. There-

fore, it is important tio provide some description of the syétem and its
application. It is equally important to bear in mind that the evaluation
of this ﬁarticular CAI a proéch with respect to costs or educational

effects can not necessarily be generalized to other CAI approaches.

Rather, all of the results will be limited to the specific CAT’

application that is being evaluated.
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The heart of the ETS/LAUSD instructional approach is the use of the

A-16 computer for providing drill and practice instruction for the students.

Students are seated at terminals which consist of a keyboard (reasonably
similar to that of a typewriter) and a cathode ray tube (or CRT which.is(
similar to a television screen). Each A-16 can be used to service up to
32 terminals, 51multaneously. The A-16 contains curricula for all of the
elementaru grades for ‘each of the three subJect areas: mathematlcs, read1ng;
and language arts. Each session lasts for ten minutes, although some; stu-
dents may be assigned to undertake more thar one session per day. |

Each student "signs-on'" at his/her terminai,nand begins the session
where he or she had left-off in the previous session. A probiem isndisplayed
on the CRT, typlcally in a multiple=choice or in a "fill in-the blank" for-
mat. .For example, the student might be given a problem in arithmetic cpera—
tions such as. vertical addition or subtractlon, and he or she must type in
the solution. Or, the student mlght be asked to fill in the correct form
of a verb in a:sentence. If the answer is correct, an asterix 1s’diSp1ayed

o

on the CRT; if.it is incorrect, the student {5 so-informed. In either case, -
a new problem is dlsp;ayed When a s%udent achieves adequate proficie&cieS‘
on a particular part of the curriculum -- as. ev1denced by a high enough
proportion of correct answers -f‘the system provides problems at a higher
level of d1ff1culty of that type. The curriculum is not d;;{éneéi' /

to 1ntroduce new material as much as it is to prov1de an opportunltp to

practice concepts ‘that have alrezady been taught.

There are two principal personnel who assist the students in working

with the CAI system. A coordinator is responsible for the entire operation

in a particular school including .the scheduling of students; the provision

of summaries of progress for each class to the classroem. -

0

P
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teachers (available from a printef that is attached to theA-16); the '

) .
security and condition of the equipment (such as insuriang that the equip-
ment is working properly and calling maintenance peréonuel when necessary);

and the overall supervision of:the students in working at the terminals.

The coordinator is assisted by a teaching aide who monitors the students

and answefs their questions or assists them when théy seem to be having
difficuléies.'

The LAUSD/ETS ex?eriment'was based upbn using four experimental
schools and two comparisop ones that would not rec?ivetthe CAIL. Twob
of the foqr experimental school; were large enough that tpey could
utilize anAwlé with a fﬁll compiement of 32 terminals: The other tw;

schools had smaller student populations, so they shared anA-16 through

the 'usé of telephone lines and special equipment (multiplexer and modems).
Each bf these schools had 16 terminals installed, so that the‘shargd

A-16 was also att;ched to a total of 32 terminals. The CAI rooms had to be

modified to accomodate the speciai configurationof equipment as well as

to assure security and an appropfiéte climate of temperaﬁure and humidity
for maintaining the computer.

COSTING METHODOLOGY

The concept of costs typically tends to be confusing to evaluators.
Often, the tendency is to review budgets to estimate the costs of a

particular project. But the costs that one finds in a budget or accounting

statement are often in error or are misleading for a number of reasonms:

First, budgets typically show estimated costs rather than actual ones.

To  the degree that there are discrepancies between the real costs and

the estimated ones, budgetary costs will not be accurate. Second, budgetary

)

costs often provide costs of resources that will be used over different
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time periods. For e§ample,.while salaries in a given year ﬁill cover the
'laﬁor services during that period, a p%ece of equipment may Se utilized .
for many yeérs. Yet,véhe~gost will be aésignéd only to the year in
which the equipmeat was pufchased, when it‘shoﬁld be divided over thé
entire period of.use on an annﬁ#l}zed basis. Third, costs of contributed
inputs are not included in budgets;.confusing the queé;ién of what are
the trug costs of a project with tﬁe-QQEQtion 6f ﬁh; paid the costs.
' Fina1}y, some budgetary costs are distdrfédbeeause they represent speqial
!/ purchaseé or transacfionsvwhic@ do not refléct the true mérket vaiues
- of the transactions.
A more appropriate method for estimating costs is to use the ingre-
dients method.3 This méthod is based upon"tﬁenassumption that whenever

resources that have alternative uses are allocated to a partlcular

— 2

actlvity, those resources have a cost to si soc1ety. Tﬁé“cost—iswequiyalégp
to the value of the resources in their most productive application.
" The mpgt typiéal way of estimating these costs is to use the'market value
of;the resource; Further, ingsorder to obta?n annual or costs
of an alternative, the costs of various ingredi;ﬁfs tﬁat are utilized.h
over more than one year are "annualized" in order-to charge to each year
only the costs for that period (rather.than assigning the entire cosf
to the yeér of gyrchase). Since thure are sources that can be used to
evaluate the teéhniques of.qost;analysis witﬁin this fra;ework, we will
not diécuss tﬁem in detail here. |
The following steps are neceésary-for estimating costs, using the
S . .

ingredients approach.

by




_1.':List all of the ingredients or resources that are
required for implementating the 1nstruction.v -
2. Estimate the costs of each 1ngred1ent on the basis of
- actual costs‘or estimated market values. o
3. ‘Convert"costs'into the‘appropriate categories for analysis
' such as annualized costs,.average costs, marginal costs,

and so on.
&

In this particular case we wish to estimate the costs for replicating

the EES/LAUSD system of CAI in other educational settings, and we wish to

evaluate costs under different organizational arrangements.

CATl Ingredients and Their Costs
»Before enumerating the various ingredients of the CAI system and.their

costs, it is useful to mention the bases on which ingredients might be

-classified as well as the sources of the cost information. The classifica-

tion of ingredients can be done in any way that is functional to the questions

_that will be;raiSed. .Eor_example,vone could classify ingredients under

1

personnelg facilities, equipment, and miscellaneous categories. Or one

- could Set out:categories of_ingredients that represent fixed investments

as well as those that represent recurrent cost items. The main criteria

. are that all ingredients are accounted for in the classification approach

and that the ultimate categories are useful for analytical purposes.
" The derivation of cost information for - the various 1ngred1ents will be

o

done in a number o0f ways. Where budgetary and acc0unt1ng information are

o

appropriate, they will be used. Where such cost data.are inapproptriate

or misleading, other methods of obtaining costs will be.utilized. 1In all

-cases, the sources of the cost information will be specified as well as’

the methods of cost estimation. In this way, the reader can ascertain how



* (1) Facilities and Equipment
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the costs were derived, and it is also possible to modify the asSumptions
’. .
on cost estimation to determine the sens1t1v1ty of COotS to different premises.

r' 1

COST ESTIMATES

-~

For purposes of cost estimation, the ingredients of-the CAL approach
will be divided into six categories;-(l) Facilities and EQuipment; (2)
Training; (3) Personnel (45 Curriculum Rental; (5). Maintenance; and (6)

: — .
Miscellaneous Factors._ Each of these will be evaluated, in turn, and they

will be combined in analy21ng the overall costs of CAI.

Any CAI approach has the obvious requirement of the equipment needed
as well as the facilities needed to provide CAI jnstruction. In the case
of the Los Angeles experiment -the equipment for a school using a single
A-16 computer,_32 terminals, and a print?r is estimated at about $lZl 000
The separate breakdowns for each type of equipment are shown in Table l.
That table also presents the estimates of facility cOSsts.« These 1vclude'"
the co t cf construction of a: normal instructional classroom as well as
the.renovations that must be_made-to accomodate the CAI.5 Renovation costs
include'special carpentry work, protective devices, electrical-work uniquef
to the CAI installation;.and"air conditioning. The facilities ‘costs are e
estimated to be about $68 500, and the total value of the equipment and
facilities is assessed at almost $190 000 per school.

However, we are not -concerned with the total costs of these 1ngred1ents "
as much as we are with their annualized costs. That is, 'a classroom is |
assumed to have a life of 25 years, soO that only about 1/25 of the cost

should be allocated to a particular annual period.6 The renovations are

assumed to have -a life span of ten years, and the equipment is estimated

3

14 .
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TABLE 1 -~ Facilities and Equipment

Facilities:

Cost 6f Conmstruction of a- CAI Rooml ' 'JS 50;000/
Renovation Cost’ ﬂ . 18,500
",
) 68,590
. V/’
__V_Eguipment:3 : - o f
One A-16 Computer System f o $ 68!120
Installation ' 4 ¥ | : 3,000
' ' f
32 Hazeltine Modular I terminals @ 31440/ea - 46,080
Delivery @ $63/ea i‘ L . . 2,016
VOne HazeltinelThermal Printer ' - 1;950 :
Delivery o . 23
$ 121,189
TOTAL . $ 189,689

1. It was reported from the Educational Housing Branch in Los Angeles
. that to replace a room in which the CAI experiments are now housed
 in the present construction market will cost approximately $50 000

- per room.

2. The renovation costs include counters, intrusion alarm, carpentry,

paint, electrical, window grilling, air-conditioning and the labor.km

involved.
t

‘3. These costs are derived directly from the CCC contract.

[
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to have a life span of six years? In each case we must use a.standard
approach to convert'the overall costs into annualized ones, where:the u“
annualized cost represents the depreciation and interést.costs foreéone"
on the investment forieach year. -Clearly, the annnalized_cost_will depend
on three factors: (a) the overail investment_cost;=(b) the'life of the
facilities éf qu}p@gnt’or7the_amortization-period; and (c) the rate of
interest on thehinvestment that'is’foregone.
Table 2 shows the annualized naiueS of facilities and equipment costs

with the specific assumptions about the amortization period and three
/ﬂ. different.interest rates. - Given a rate offinterest'on’U.S. treasury bonds
a of ‘about 10 percent at the present time, this seems to be a reason—

able fiaure for calculating foregone interest on the 1nvestment. On -

thac basis, the annualized cost of facilities is about $8524 and that of

O

equipment is about $27, 873. Thus/, the -estimated..cost of facilities and

o N
Ty i
XN

'equipment is about $36 397 per year.

) (2) Training Costs ' N ‘ _— / ‘ ol i

Training'costs are“composed of two types, the‘direct/costs‘of training

-and the indirect. costs. The direct costs are the most'obvious ones, con-

sisting of the salaries of instructors, costs of materials, and so on. The

nindirect costs refer to the value of the time of the trainees. In the case

ol s
of the LAUSD progect, the direct costs of training were 1ncluded in the ‘costs

of equipment by Cccc. However, the indirect’ ones had to be borne separately.
According to the experience of CCC personnel, it is usually sufficient to

prov1de workshops of a day and ‘one-half for coordinators and half a day for

teachers. The cost for'each teacher and coordlnator will vary according

. to experience and trainlng and the salary ievels in the particular school

, distr1ct. However, in Los Angeles it appears that salaries and’ fringe

1

[ES;; / benefitsfaverage about $20,000 for a school year that is not more than 200
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TABLE 2 —- Annualization of Facilities and Equipment Costs

=~ : ., Amortization : ~ Annualized.Cost
Cost Categories: '~ - Period (yrs) Cost 07 102 157
Faciliﬁz
Construction of a CAI room 25 $ 50,000 $ 2,000 -$ 5,508 $ 7,750
Renovation 10 18,500 1,850 3,016 3,682
Facility Subtotal , $ 68,500 $ 3,850 $ 8,524  $11,432
- l N
Equipment
. ’ 9
Equipment Subtotal | 6  $121,189  $20,198 $27,873  $31,994
TOTAL =~ o | $24,048 $36,397  $43,426

1. Refer to Table 1 for the details. The amortlzatlon perlods for all computer
related equlpment are assumed to be 6 years.

./ -:

TABLE 3 -- Annual Personnel Costs

A\Admiﬁistrstiqn . | $ 1,965
cAT cbordinac§£ o | 22,500 .
Fringe Beneflts on above _ _ | N /
@ 16.72 . o 4,086
-Tw0'teach1ng.sides | 5,220
ASubs£itutes ) ‘ o 780
. TOT;L D $ 34,551

8
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days. This suggests that a pay rate of.aboutW$lOO a day is an ,appropriate
basis for calculating‘costs of the time required by'teachers and coordina-
tors to obtain training. G1ven about 40 teachers to an elementary school,

the indirect costs of teacher training are about $2000 for a half day work-—

/

_'shop and about.$150 for a l.5 day Workshop for'the-coordlnator. Thus,..he.\

total est1mated 1nd1rect costs of training are about $2150

"‘~.

One question’ that arises is how this -figure translates 1nto an annuallzed

cosf. It is unllkely that training costs of this magnltude would be required
|

for each year, since the'carryover of'trained teachers and coord1nators
from year-to-year would be rather high. Yet, any turnover‘of teachérs will
equire some tra1ning to take place each year, . even if it is merely. the

o

oordinator taking the teacher away from h1s or. her classroom duties for

half a day for instructlon. For example, With a turnover rate of ten per-

<

cent a year, about four new teachers would have to be trained each year.

at a cost of about $200 - In fact, after the fifst year- this would be the

, only cost of trainlng’as well as the interest foregone on 1nvestments for

» training in previous years. If ‘we use.those‘two components.to est1mate

costs, the total lndirect tra1n1ng costs would be ten percent of the Dre—
vious investment in tralnihg per year plus the costs of tra1ning new teachers.
On the average, ten percent of the training 1nvestment over a s1x year

period would be about $250 ‘and the indirect cost of Fralnlng four new
teachers a year Would be about $200 for a total of $450 a year. Whatever

the assumptions are about the costs of this component the overall cost

impllcations are so small that they/will have little impact on the total

cost. calculations. f R . - 8 .
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>(3) Personnel

S
—

Personnel ingredients for the CAI demonstration include administratiVe\\\\

S

‘resources, the CAI coordlnator, two teacning aides, and substitutes to

!

cover the absences of the coordinator. These are shown in Table 3. The

function of the ‘administrative personnel is to negotiate 'the contracts with

the companies that maintain the equipment, to arrange payments,°and to pro—

vide general financial and logistical administration of;the project. Tthe

annual personnel costs for this function were estimatedfat $1965 on the
. . - ’-‘ .
basis of previous experienceof .the.los Angeles schools[with these types of project
. . . : J ) PN

The CAIL coordinator is responsible for the overall functioning of the
, ; _ i
!

- CAI instruction'including'the‘scheduling and, coordination of the instruction,

reports to teachers on’ student progress, and the monitoring of the functioning

Lof the equipment and its maintenance. Especially imporLant is, the'latter -

function, 51nce equipment failures w1ll result in the loss of 1nstructional
sessions. 'Accordingly,"the coordinator must be aware of problems and the

methods of getting them allev1ated by the appropria?e maintenance personnel

.AFurther, the cooﬁdinator must wor% closely with classroom teachers to- 1nte—.

! ] :
grate the drill and practice ses51ons of CAL w1th classroom work

In the LAUSD case, the coordinators were SO carefully chosen and so .-

- N

well—trained that they needed little administrative supervision from the

-school principal or other school_administrative personnel. Whether this ; .

high'level of initiative and independence could be maintained in a replica-

tion is problematic. However, based upon the success .0f coordinator autonomy

o

. in LAUSD, we, have not indicated any ‘supervision 1n the cost estimates. The

cost of the coordinators can be determined directly by calculating salaries

and fringe benefits. The salary component was estimated at $22 500 and the_"




. understanding the CAI problems-and in solving them. Essentlally, they ;

.(4) Curriculum Rental" o - e

B / . . -.‘...- )
I

A

friﬂgefbenefits for that portion .of ‘the administrative costs and the

vl

_coord%nator were $4086.f Fringe'benefits do not apply to the cther personnel

| . ..‘\__'

categbries because of theif'pattétime.nature.

Teachlng aides monitor the performance of students and a=s1st them /in

/

~wander among the students, looking for situations in which assistance or

‘suPErvision is needed. - Their rate'of‘pay in 1977-78 was $4.35 an hour;‘

|

and it takes two teachlng aldes Worklng about 600 hours each school year

to/ ass1st in a CAI room with 32 termlnals.. This partlcular arrangement

has been con51dered highly satlsfactory oy ‘the Los Angeles coordlnators.

The total cost .per CAI room of the*"wo aides is about 85220 a year. |
‘The final/personnel cost is related to the need for substitute /

teachers to undertake the coordlnarion functlons 1f the regular.coordinator

et p SR T

[ . s ‘./' - : ) /

is i11. Under the Los Angeles arrangements, a teacher or coordinator\can /
——— - - . .
receive-up,to 12 days a year in pald slck 1eave. Thervieforé, provision for

[
up to 12 days of Substitute teaching at about $65 a day wculd cost| about

$780 per year. Based on’ these amOunts, *he personnel costs per- year
(for 1977-78) totaled about $34, 551 T

i

-‘The curricula that are-used'for'the CAI approach are rented from  CCC,
it ST T S T A

the company that provided'the A-16 system. The rentalicovers:the,cost of

_fusing the three sets of subJect curr1cula in mathematies, readlng, and

language arts. .The cost of the rental is set at $204 a’ year for each of the

32 terminals in a CAIL room\for an'annual total.of $6528.



i

. }(5) Maintenanc? ' , , v -
| The provision for maintenancenof the equipment is'arrangcd'through

contracts with firms that speciaiize-in such_care. While some of the
maintenance is routine and periodic,'a major.requirement is services

;- : of an’ emergency natureito repair malfunctions. -The annual cost-of main-
taining the‘A-l6computer is $6120 a year,.each of the 32 terminals has
ba maintenance cost of $300 a. year, or $9600 for all termlnals in a CAI
room, and the-thermal printer has a maintenance cost of $360 a year.

The total Jost of maintenance is about $16,080 a year.

(6) Miscellaneous Factors

MiscellaneOus cost factors include 1nsurance, supplies, and the costs
of energy and routlne maintenance of the classroom. The appropriate in-
. Surance costs are ‘those that are incurred by virtue of the existence of

’the CAI approach These w0uld include the additional insurance costs for

(, -

theft,,fire, and liabiiity attributible to the CAI facillty and equlpment

-Of these components; 1t appears that liabllity insurance is largely unaffected
"and ‘the impact on, fire insurance costs is not readily ascertalnable.. How~

ever,;the additional theft insurance for the eouipment was estlmated bp‘

the Los Angeles school authorities at about’$3 000 a year for the computer,

32 terminals, and the printer. The use of only the theft component may

understate slightly the true 1nsurance costs, by om1Lt1ng th? fire com-
-,ponent. However, the overall omisslon is llkely to have a relatlvely small

effect-on_total costs, since insuranceurepresentsma very small reiatlve

-cost item, |

Supplies, energy, and routine maintenance of the:.classroom contain many

items;'Supplies include the typical peancils, paper,-books, paper for the




printer, and so omn. Energy\aHELEelephone costs and. facility maintenace refer

to the telephone in each classroom that is necessary for rapid access to

maintenance petsonnel'and CCC-—in'case‘of_breakdoWns; normal heating,
: oo ’ !

lighting, and‘power for the eqnipment; and routine cleaning and maintenance
of the classrocm. Taken together, these are estimated at about $3,000 per

year{ﬂuAgainJ even substantial changes in this amount - (for 2xample 50%):\

would haVe little effect on overall oosts per student session because of the
. AN : ST , '
relatively small magnitude of costs for the category. (Each classroom

is capable'of providing a daily session on-an'annual basis for over 700

students so an errqf of $1500 is only about $2 00 per ‘session. )

Summary of Annuallzed Costs

.
a . .

" The annuallzed cnsts in 1977 78 for a 2\terminal classroom utiliaing
) \
‘the CCC‘A—lésystem can be summarlzed in the following tabalation. ’

o .
ROunding off this estlmate, it appears- that it costs abou£ $lOO 000 a year

{ ~ :
" to prov1de,a classroom, personnel, equipment, and $O on for se£v1c1ng 32

I
i

e ”Fac111ties an? Equlpment _h. B , $ 36,397
persommel - R R L
, 'Ttaining -. | 3.3 Lo | 450 '
| '.'.;'.Curricu_luxn.'Rental - 6,528
?5 Maintenanoe L . | 16,080
j  . ;Miscelianeous e - - / 6,000 "
*; \ Total =~ . $1oo,006

~ terminals wlth thts partlcular approach to CAI.

< .
~

R
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Average Cost Per Session

Given this'totai, it is important to knou.the cost per session on////
an annuai basis for each student.' That is, what is the cost for providing
one dail§ session of ten minutes of drill and practice for:a full school
year toeach student? The reason_that this-particular cost figure
is important is' that it would enable us t0'aséertain the cost—feasibility
of this approach to CAI as a method of providing eompenSatory education to
disadvantaged youngsters, by comparing the'amount per session with the
auerageramount of compensatory fuhds prouided by the federal government
under Title I of the: Elementar; and Secondary Educatlon Azt of 1965

Clearly, the cost per session depends on the number of dally sesslons
'Ethat‘can be provided by the ‘cAI system on an annual basis. This depends
not onl&‘on'the'length of thessession, but aiso on the organizational
1 capac1ty and time required to process-each group of student users. That is;
there must be time between the end of .one ten minute session and the
'.begrnning of the next for one group of students'togsign off the system and
‘return to'c}ass, while a new .group arrives; is seated, and:signs.in.
_pinally,.the number-of sessions wili also‘depend upon the overall reliability
of thefeﬁﬁipmentiand dts operability during"schoolshoursf.

In theory, the system could be used for up to¥six and one half hours

a day durlng regular school hours, 1f sessions began at 8:30 and proceeded

v K

to 3 00 P.M. w1th no . 1nterruptions ‘for lunch.» In fact, this would be diffi-
Cult to do organlzatlonally, since time is needed at the beginning and/or
end of the day to accomplish record-keeping and other instructional tasks
associated with CAI. Further, it would b;'difficult to eoordinate'classes
around the ;unch-period,'and a "relief" coordinator would be needed duringUA

- -
n LN



that period. With respect to the number of sessions per hour, even five

/

sessions of ten minutes each provide only about twominute transition - /////
/ o

periods. Aéeordingly, there are clear limits on the numbers of sessions
that can-be accomodated._ Based upon the actual records for the LAUSD
system,'it appeared tnat the range varied from 21 sessions to 25 sessions
pgr’&ay, With a median of about 23 sessions. On the tasis of these experi—
enees,‘We can estimate the cost per naify session ﬁef stu&ent for a school
year. ‘ - _ : .

Number of Sessions Annual Cost Per
Per Day ‘Daily Session

" Per Termindl TFor 32 Terminals

21 672 ;. s 148.80 "

_ 23 7138 — " 135.90
25 . 800 - 125.00

Dependlng on the number of sess10ns per day for each terminal, a con-

o figuration using the A-16 and 32 terminals in a single classroom can accomQ~
date from 672 to 800 sessions a- day.. Assuming that the most probable

‘ estimate is the median of 23 sessions a day per term1nal 736 sess1ons can be
provided. By dividing.thewnumber‘of sessions by the $100,000 estimated
annualvtotal cost for this CAI.configuration,.it appears'tnat the -annual
cssts for a iaily session of ten minutes could vary -from about $125 to

almost $150 per year for one daily session of EAI. The estimate for 23

i‘sessions a &ay at_$l36 is probably the most reasonable one.

Cost Estimate for the Shared System

-Before comparing tnat-cnst with the“level of funding available for
eompensatoryIenucation,;it is important to estimate the annual cost per
daily session when two schools share an A-16 system. Cleariy, this situa— .
tion presents itselr when there is not an adequate student enrollment base-

]ERJ(j in a particular school to accomodate 'some 700 or.so daily sessions. It

Lo Iy
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could also be euident\i

siéu\tions whére only;a'particular grade level or ////
levels utilized the CAI. |Of co rse, by prov1d1ng multiple daily sessions, (e g
two sessions a day), an A-16 coul be utllized to full capacity by even 350///

° 400 students.. However in the Los Anyeles situdtion, the de51gn of the CAI
experiment meant that in two part:c1pa€1n§\s;Zools there were not adequate
students assigned to CAI to fully utilize a *\terminal system in each school.

This situation provides us with the opportunity to ascertain the costs of a

shared CAI computer.

The basic configuration for the shared system was that the A-16 com=—,
-puter and lﬁ'terminals.were placed in onevschool, and the.other'l6“terminals\j\\\
were placed in a "sister'" school. The.terminals were connected to the’first :
- school through a leased telephone line, and additional equipment was required
f\\\ig‘order to‘operate the sharing arrangement;Table 4 shows the additional costs’
incurted for a shared A-16 system. With the shared arrangement, two class—
rooms must Be utilized for.the terminals rather than one classraam. Based'
upon the costs ﬁpr a classroom and required renovations that were presented
in Taple_Z and replicated in Table 4, the total cost of additlonal facﬂlities
Vfor the shared arrangement would oe $6§,500 which_would be about $8,524 on
- an annualized basis. |
The additional equipment etwolmodems and two multiplexers) and thelr
installation have a-cost of almost_élZ,SOO which_translates into an annualized
.cost of about‘é2,866._ Taken together tne additional outlay for the shared
facilities and equipment is almost $81,6OO which translates into an annualized
cost (using a 10 percent interest rate on the (undepreciated portion) oﬁ
$ll,3§0. With respect tp personnel for;the shared arrangement, we assume

that the administrative ¢osts for making financial arrangements and menitoring

contracts is roughly equivalent to the single school approach.. .However, an
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b

'TABLE 4 -—- Additional Costs Incurred for Shared A-16 System

1Y
, Amortization ' Annualized Cost
Cost Categories: Period (vrs) Cost 107
Facility -
Copstruction'of'a CAI room 25: $ 50,000 $ 5,508 -
Renovation . ' 10 - 18,500 ' 3,016
SUBTOTAL - ' -~ $ 68,500 $ 8,524
Equipment . N L
Two Modems *~ . .+ 6 $ 4,710 %
' Two‘Multiplexers ' ' 6 7,550,
Installation_‘a ) 6 . :~200
. 12,460 ) 2,866
 TOTAL - L $- 80,960 ~  $ 11,390
Personnel‘ \ : O _ " , -
One Coordinator ', - . 22,500
Fringe Benefits on above @16.7%Z - . © . ' 3,758
Substitutes ' ‘ . o - o -390
SUBTOTAL | ' o . $ 26,648
- Maintenance ] .
Printer L A $: 360
' Miscellaneous . I . $ 3,000
GRAND TOTAL o $ 80,960 0§ 41,398

26
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" additional coordinator is needed forﬂthe-classroom in the shared configu

tion, and. additional proviSion for substitutes is necessary. These are

W-festimated to cost about $26 648 per year.' The training cost for the add

tional coordinator is S0 small that 1t is 1nconsequent1al (abOut $150 fo

”'the day and One‘Half;o£~sa1ary) and‘will not be included :in the total.

~ .

Additional costs of maintenance seem to“affect only the additioual

- ca ! '~

printer at’ $360 a year and the modems and multiplexers are maintained on

'the basic CCC contract, so their costs can not be easily broken out.

: Miscellaneous costs include the telephone line between schools, routine

+ lr

‘,maintenance of - the facilities, lighting, heating, electric power, and

'supplies. These are estimated at about $3000 per year, and insurance cC

~

‘are not affected by distributing the terminals- between the two schools..

When these additional costs of the shared~arrangements‘are Lotaled

abOut $4l 400 is- added to the total cost in comparison Wltn the Single C

<

room, 32 terminal A—16 approach. Again, assuming 23 daily sessiOns per
terminal and a total cost of about 3141 000 per year for the shared syst

the annual cost per daily session of CAI instruction is about $192 'In

//

'other'words, the shared_system‘1ncreaSEB~the cost per session by about ¢

. : N

f.‘?

COST FEASIBILITY

€

N

Are_these costs high or low? Clearly that depends on what the cos:

. buying in terms of educational servi.ces and effectiveness in relation te

 spending those funds'on alternatives might produce. Such cost effectiv

comparisons are absolutely essential inwusing cost information to ascer
\
5L

whether a particular educational technologx or other 1nstruct10na1 appr:

0
Piaad

- 3is a good investmentc However, we lack both the cost of other a1ternat

. o
! I
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and cffectiveness data on CAI versus other alternatives for-this'paper.

of those data will be forthcoming at the completion of the CAI experiment

can be drawn upon for cost-effectfveness comparisons at that time.
The purpose of cost feasibility analysis-is much more modest. | It si
asks 1f the costs of the instructional approach can be accomodated within

the 1imits of the budget assigned for such purposes. In order to answer

tnat question, we will wish to compare the costs of" CAI w1th the level of

funding provided for compensatory education by Title I of the Elementary

.Secondary Education Act of 1965 That is, presumably thé'CAI system that

being evaluated is addressed primarily to drill and practice for remediat

-Accordingly, this would s&em *o be the most relevant framework for a cost

‘o

feasibility analy31s. v
" In fiscal year 1977, Title I had appropriations of about $2 billion.
about 5 million.youngsters. This means that on the average ?bout $400xwa
vided for each of the studentsﬂcovered by the program. Cleérly, not all
this was allocated.to classroom instruction.. Some was expended on admini

stration, health and!diagnostic services, nutrition, and so on. HOWever,

we will assume that about $400 per pupil represents an upper limit for

»'compensatory education in the classroom. Using this as a basis for cost

lfeasibility, $400 would cover about three daily sessions of CAI at $136

per session with 32 terminals to a classroom or two sessions at $192 unde

the shared arrangement. This means that all three curricula could be'prc

> .

_ vided under the lower cost configuration or two could be provided under

the higher cost one. It also means that two curricula, for example readi

and mathematics, could be provided under the lower cost option, while al;

P

the remaining $128 per student to be used for other purpose55 On this bs

< -
_
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one would conclude that the CAI appraoch that has been‘evaluated meetssa
general costrfeasibility test. That is, it is feasible to consider:this‘
approach within the constraints of‘existing provisions. for compensatory
education. | | | | ﬁ

COSTS OF A MORE ADVANCED‘ SYSTEM

One of the maJor questions that arises in evaluating the costs of a
:changing technology is the direction- and magnitude of future ‘costs. based
upon more advanced approaches. This is particularly 1mportant in ‘any -
_strategy based upon computers, since the technology of mini- computers anc

memory devices has been developing at a rapid pace with drastic reductior

!

in” the cost of any given capability.. Clearly,_the longer run situatlon

N Lo j

) would suggest that at least the cost of'equipment with a given performanc

i

- would decline, and it is important to ascertain the impact of-these/poter
equipment cost declines on the overall costs of CAI instruction.

However, hefore'examining some evidence on this question, it is impc
) ¢

“to point out a phenomenon which is typically overlookea 1n predlcting cos
changes of technological innovation. The annualized costs ‘of all the cor
puter equipment including the terminals represented ovly about 28 perceni

of total annualized costs, as ev1denced by comparing the costs of $27,873
Fable 2 with the toLal costs of $lOO OmeoraBZ terminal classroom. This
| f

beans that.even a rather drastic reduction in the 28 percent of the cost

_accounted for by equipment'will amount. to a much smailer reduction in tha
total cost. For example, if the cost of equlpment decllned by one.thlrd
total costs would declinetnrless than ten percent. At the same t1me, tha
costs of personnel mainténance, construction.and other personnel intens:

1

categories are rising rapldly, at least offsetting partially the potenti.

|
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dec1ines in the cost of computer hardware. Accordingly, it‘is important
to recognize thatlthere vill be inherent limits to cost reduction'for CAl,
even with rapid technological improvements in hardware. |
pa o ln'the particular.caselof the A-16 system, ve were’ fortunate in that
véCC had developed a»more:advanced EAI approach_during the{implementation
phase of the -LAUSD experlment. The more advanced computer is the CCC-17
ff”"; whlch can d ive some 96 terminals rather than the 32 termlnals 'to Whlch the
. A-16 is limited. CCC‘also claims that the l7 is more flexible and_productive
than the A-16 for a numbes-of'reason;. ?irst, it uses special terminals
provided by CCC which permit moreﬁfleXiblevdesign'and format"of_curricnla
‘,as‘well as:a wider varietv of.interactive; feedback-responses between the
,pupil:and the;comouter. Second, the central processing unit'has:greater
capacity'for storing additional currrcula and'can process curricpla ofna

o

wideér variety than the A-lo Forltheserreasons the CCC—l7 may also~be.moreuz
”effectlve for' each ses°10n that the A-16 although that is ultlmately‘anv
" empirical 1ssue.rather than a theoret1cal~0ne. CCC has provlded the CCC-17
- . for one classroom for the final year of the LAUSD/ETS.experiment,-so some
‘_emplrical data should be forthcoming on th:s issue._ |
However, the purpose’of th1s inve tigatlou is to: ascertain the cost
oer sessiOn of' the hewer technology. -Since the CCC—l7 represents a lar- '
ger system capable.of‘supporting 96.terminals, we will estlmate the costs
of using a slngle CCC-l7 for prov1d1ng CAI to three ‘classrooms of 32 ter-
. minals.” This will enable us to ultlmately compare the costs of the CCC-l7
 for 96 terminals with that of the’ A-16 on a 32 terminal classroom basis.

Table 5 shows “the estlmated total and annualized costs of both the

faecilities and equlpment for the CCC-17 conflguratlon. The cost_of the

"'a-': :
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\‘,  TABLE 5 —= Annuallzed Cost for Three (3) Schools -
- Sharing the CCG-17 Systen
~ . Amortization 3 Annualized Cost
- Lost Categories. Period (Y¥rs) ~ .. Cost 0% 10%2 . 15%
tFacilities N
Construction of CAI Room 25" $ 150,000 § 6,000 § 16,500 § 23,250
RenovatiPns o 0 55,000 5,550 ° 9,047 11,045
a2 S o =

. sweromaL - $ 205,500\"§¥§k11,550 $ 25,547 $ 34,295

Egui:gment‘ ":‘
"‘ H
: Computer-Related Equipment : C o
(includes\ terminals) 6 $ 314,814 -
‘Installation - . - - .. 6 . 13,800
, .+ SUBTOTAL o § 328,614 - $ 54,769 §$ 75,581 § 86,754

: o
o . . R :
‘TOTAL FACILITIES AND EQUIPMENT $534,114  $166,319 $101,128 $121,049
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facil ties component is‘identical to that shown in Table 2 except that it
is bas d upon three classrooms rather than one classroom. (Of course we -

1/_ w1ll e aluate the costs per. sesslon based upon the larger numbor of ter—
minalsf erviced by the'CCC—l7 to make the'coSt est1mates comparable on 'a
student |\session basis.)’ The equipment costs include the CCC-l7-system;

- 96 termifals, a ‘clister controller for every 32 terminals.which provides

"

'power.to he.terminals.and routes information between the computer and \\
éé%min51s, a printer for each school modems for remote schools;'and h -
'tables for each CAI room.i All of the cost flgures are taken from pub-

; ';llshed doc Ients furnlshed by the marketing Offlce of CCC (dated Aprll
h.;l7"%928).. Total facilities and equ1pment costs ‘are $534,114 or abc it
$101,128 in nnualiaed'costs when the ;nterest rate on the undepreciated,

r .
1nvestment isl ten percent.

Personnel costs. and the 1nd1rect costs of tra1n1ng were calculated .

in the samejmanner for the.CCC-l7 configuratlon as for the A-16, except

. -;hét they are s‘own for'three classrooms.: These and other costs are
?'.reﬁlected in lable 6. .Qurriculum.rental'was estimated by CCC at $20,857
.fj- and maintenance‘at.§42'672; -The- m1Scellaneous costs are also slmllar to
E those calculated for the A-16. The total of all of these components is
3 $181,931 and when the annualized costs of the equlpment and facllltles
‘of $101,128 are added the total annuallzed cost -of the CCC—l?lls-estll
. mated to be $287,059. 1In order to find the auerace cost péf-session;
. We need only d1v1de this‘annual cost by the number of - dally 'session pro-

| vided on an annual bas1s. Th1s is shown under dlfferent assumptlons about
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. TABLE 6 -4.Aﬁnual Costs of Personnél,-Training, Cﬁrriculum Rental,

" Maintenance and Miscellaneous Components of CCC-17

IIPebennél
Admiﬁ;étrgtion, - .  ' : .fis | ‘5,895'
Co;rdinators- ' . S i .stsoo
. ;Friﬁge Béhefits.onsabq§e @;Gszngi ‘12;257

"’I__..A.'S o v .: 15_’660'

_;Substitutes E - 2,3&0

" SUBTOTAL .§ 103,652

Training (indirect costs) $ 1,350
Curriculum Rental ‘ 20,857
 Maintehance - e 42,072
Miscellaneous . 18;000“7”
\ . TOTAL | $ 185,931
.\
’.
[




: about $136 for the A-16.

\

" the number of daily sessions. provided: \

j “Number of Sessions  Annual Cost Per
Per Day W _ Daily Session
Per Terminal Per 96 Terminals . S
21 . 2016 C % .162:30 0
23 T 2208 ) o ¢~ 130.00

| o | -\ /
o \ f 4
Based upon the median number of 23 daily sessions; the average cost per
\ | :

25 2400 - f . 119.60

. /
: session for the CCC—l7 is estimated to be abOut $130 in comparison with

g

This. suggests that the CCC~17 has a cost that is about .five percent’

%

lower per CAI session than the A-l6 This represents-a rather small

difference, especially since it assumes that the CCC-l7 is utilized to
capacity. One of the advantages of the smaller scale of the A-16 is that "
it provides somewhat more flexibility.' Since it can be utilized'in multif
ples of_32‘terminals, there is-likely to be less of agpLoplem invunderf'

utilization than a system.that must be implemented in multiples of 96

'“fterminals. Because of the high fixed costs of these types of gystems,

.;gnderutilization hardly reduces total costs at all. This means that one must

divide relatively irreducible total costs over fewer sessions, with a marked

'rise in costfper session. For'that/reason the five nercent reduction

i

in cost per session under assumptions of full utilization Would deteriorate
rathli quickly if the CCC-17 cguld not be fully utilized at a scale of
96 terminals . SR ) ~‘._ [h; ’

One other point that ought to .be emphasized.is that.of the total
annual c05t of $287 000 for the CCC‘l?, only about §76, 000 is accounted

a . . ’,' 34
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for by the cost of. the computer hardware This.means.that almost three
quarters of the ‘cost is allocable to factors that are not ostenslbly
affected by 1mprovements in cdmputer technology, thus llmltlng the cost
savings obtainable by technologlcal advances in the CAI sys tem. In fact
as a general rule, irtually all technologlcally—based instructional .

systems Wlll show only about one quarter to one - th1rd of the costs are associ-

’

~ated with their "hardware.' Thls means that drastlc reductlons in the

8
[

costs of such hardware may have only nominal effects on overall costs of

e

the 1nstructlonal strategy. Further, to the degree that the decrease in

even those costs is associated with a larger scale of operationm, -even

.these cost. reductions may not be realized‘unless the system can be utilized

to full capacity..

e 3 p . ] ..

It should be noted that accordlng to CCC, the CCC-17 is'educationally'_

R

superior to the A—l6, “Clearly, the cost per session is not as important

pd

. as. the cost per unit of educational effectiveness. Thus, even if the costs

~of the CCC-17 are comparahle to.those of the A—l6,.a superior.level of

: : s :
effectiveness may still make it a better investment. However, without

data on the relative effectiveness of the two systems, itlis impossible

' to evaluate this claim.

Ca

SUMMARY |

The purpose of this paper was to estimate both the costs and cost -
feasibillty of utlllzing a particular CAI approach for compensatory educa—-
tional purposes.  The part1cular approach that was chosen is the CCC A-1b.

and its implementation for a four year experlment on the effectlveness of

/
CAI that had been- established in the Los Angeles Unified. School Distr1ct.,

Ve



) L

Based upon the{ingredlents approach to cost—analysis, it was f0und that
vfup to three’ sess1ons of drill and practice of ten minutes duration could
‘be provided for each d’sadvantaged child at the present level of -Title I
expenditures. ' This means that three d1fferent subJects could be prov1ded
or that multiple sessions in one or two subJects could be offered for

each chlld” As such, 1t appears that the 1nstruct10nal strategy 1s cost -
_feasible Withln present prov1s1ons for compensatory educatlon. Ut11121ng

the A—16 detween schools would 1ncrease costs rather substantlally, but

A

two sessionS»of CAT would still be feasible within present compensatory

f ‘ g . - - ..
- [ \ ’ Vo

_educational allocations.

4

~

Costs were also estimated for the more advanced CCC-17 computer

system, and somewhat surprisingly the costs were in the same range as

/
those ‘of the A-16. In part, this f1nd1ng reflects the very heavy soft—
' ware components of CAT approaches, and -in part, it may reflect the

possibility that the CCC—17 is more effective than the A-16 (even though

the costs are. quite simllar) It is" clear that a more =xhaust1ve analysis

\
@

of the merits of different CAI approaches as well as a comparlson between
1 .

them and_other instructional strategies will requ1re effectiveness data

as well as cost estimates. 'Some of these should be forthcoming from the

ETS/LAUSD eXperiment, and it is hoped that a cost—effectiveness comparison

can be made at some future date. .

\
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. - . FOOTNOIES
The best stud1es in this area are Jamison et al. 1976 and 1970 with”
respect to CAI. However, cost-effectiveness analyses of other techno-

logles can be found in Instructional Science 1975. See Carnoy and

Lev1n 1975 for a. critique of the methodologies of these studies.
/

These studies will be forthcoming in 1980 by Paul Holland, Dean- Jamison, '
and Marge Ragosta of Educational Testing Service.

&
Al

: Virtually all of the issues discussed here are reviewed methodologically

in Levin 1975. The best application of costing methodologies to 1nstruc—
tional technologies is Jamison et al., l978.

e

Ibid. This paper will not include student-time as a resource, since it

- is difficult to place a.value on this dimension. However, alternative

instructional strategies with mostly different demarnds on studert time
should take this component into account. . .

As school. enrollments decline, it is common for some observers to ques-
" tion whether any cost should be attached to-newly. available-classrooms
that are no longer -needed to service regular enrollments. However, such
facilities .are not costless as long as they have alternative uses. In

- fact, there are a large number of alternative uses as evidenced by the

expansion of special education programs, rental of rooms to other public
agencies, or the closing of schools and their rental or sale.

The useful life of school facilities ‘is taken from estimates by LAUSD
administrators.

ccc staff gave us a figure of 6~10 years depending on leve1 of utilizaticen
and. assessments of technical obsolenscence. We have used the six year
figure ‘because of the very intense level of utilization of the equipment.

. However, extending the estimated life to ten years would have the effect

of reducing the overall instructional costs by no more than 2-3 percent.;x
See Levin 1975 and Jamison et al., 1978.

Jamlson et. al., 1970 Suggests ‘that at that time a cost of $50 per session
was attainable on an earlier CCC system: That estimate seems overly
optimistic; even when adjusted for inflation it is about half of our
estimates. Most of the difference appears to arise from the fact that
coordinators were not used in the configuration that they describe as

well as the assumption that the utilization rate would be 25 ses310ns
daily. " They do not mention the number of minutes per session. Early
"drill and practice curricula utilized seven minute sessions, and they

. may be assuming these shorter sessions.

L ,'
-
!
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